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Abstract. Fractal flow conditioner is a flow conditioner with a fractal pattern and used to eliminate 
turbulence originating from pipe fittings in experimental fluid flow applications. In this paper, 
steady state, incompressible, swirling turbulent flow through circle grid space filling fractal plate 
(Fractal flow conditioner) has been studied. The solution and the analysis were carried out using 
finite volume CFD solver FLUENT 6.2. The turbulence model used in this investigation is the 
standard k-E model and the results were compared with the pressure drop correlation of BS EN IS0 
5167-2:2003. The results showed that the standard k-E model gave a good agreement with the IS0 
pressure drop correlation. Therefore, the model was used further to predict the effects of circle grids 
space filling plate thickness on the flow characteristics. 
Introduction 
The installation conditions of flowmeters have a more pronounced effect on their performance 
than construction. Numerous research workers have investigated experimentally and 
computationally these effects with reference to the shift in flow meter discharge coefficient. 
Aichouni et al. [I, 21 reported errors up to *30% on a Venturi flow meter while Yeh and Matingly 
[3] reported errors up to *17% on an ultrasonic flow meter when the meter is subject to distorted 
flow conditions. Given that most industrial pipe fittings, which are sources of both swirl, 
asymmetries and turbulence distortions, ensuring that fully developed flow in terms of both mean 
flow and turbulence structure approaches the meter is difficult to achieve in practice. Another 
disadvantage of pipe fittings, in this sense, is the generation of distorted velocity profiles associated 
with varying degrees of swirl at the inlet of flowmeter. Satisfactory stipulations to avoid flowmeter 
calibration and measurement errors entail a flow with 2' swirl angle and a ratio of axial velocity at 
any point on a given pipe cross section to the maximum axial velocity at the same cross section is 
within 5% of the corresponding ratio of fully developed flow as measured in the same pipe after 100 
pipe diameter length [4]. 
In order to achieve these conditions, great lengths of straight pipes are required between the 
flowmeter and the nearest upstream fitting to decay the vortical motion of the turbulent swirling 
flow; these lengths are typically equivalent to 600 times of the pipe diameter [ 5 ] .  Alternatively, 
turbulent swirling flow can be adapted to meet the conditions of flowmeter minimum error 
performance by the employment of flow conditioners upstream ofthe flowmeter. 
Flow conditioners are designed to reorder the velocity profile in order to create fully developed 
turbulent flow [6]. Although these devices have been used for decades, there are several questions 
that need to be answered to define the geomehy that would provide the optimum performance. Such 
performance is characterized by minimum swirl angle, more stable and repetitive velocity profile as 
well as minimum downstream pipe length. 
The fractal flow conditioner consists of a thin perforated plate with various holes diameters 
designed to eliminate swirl. Experimental works using this type of flow conditioner showed that the 
fractal flow conditioner located at 5D upstream of the orifice plate give the small change in 
discharge coefficient compare to the standard one [7]. 
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Conclusions 
A 3-D numerical investigation of the incompressible isothermal flow through the fractal flow 
conditioner has been conducted. The CFD model was validated through comparison with the IS0 
pressure drop correlation. The comparison showed that the standard k-E turbulence model with 
quick scheme yielded better agreement than the standard mm turbelrnt model. A detailed 
description of the flow field through the plate has been presented. A flow conditioning effect has 
been revealed through the flow insight. The plate thickness was found to have a fundamental effect 
on the flow quality in terms of swirl removal. Plate thickness was proved to be inversely 
proportional to the swirl angle and tangential velocity component. The average tangential velocity at 
the outlet plane decreased from 1.8 mls to 0.02 m/s when the plate thickness increased from 1 mm 
to 12 mm, respectively, at the same inlet conditions. As for the swirl angle, it decreased from 8.6'to 
0.08' due to the same increase in plate thickness. The study suggests that £ractal flow conditioner 
can be employed as a conditioner with optimized plate thickness. 
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